The C-3'-carbonyl group of N-protected spectinomycin is efficiently converted into a diazo group via base treatment of the corresponding tosylhydrazone.
The diazo group imparts a new synthetically useful reactivity pattern on the sugar ring of the molecule.
The synthesis of C-3'-deoxo-, monohaloand dihalospectinomycins via the intermediacy of these diazo compounds is described. The reduced bioactivity of these analogs as compared to the parent and the C-3'-dihydro and aminospectinomycins established the need for hydrogen bonding groups in this region of the molecule for good activity, further refining the structure activity relationships in the spectinomycin series.
One of the fundamental questions regarding spectinomycin structure-activity relationships is the role played by the C-3' substituent. In aqueous solution, spectinomycin (1a) exists as the C-3'-ketone hydrate (lb)1). It is not known whether la or lb is in fact the actual form of the antibiotic acting at the ribosomal level. Only a limited number of analogs having modifications at C-3' have been reported in the literature. The dihydrospectinomycins2), 1c and 1d, retain from 0 to 100 % of the in vitro bioactivity of the parent, depending on the organisms being tested, with the 3'-R-isomer lc being the more potent. The corresponding 3'-aminospectinomycins le and if have been reported), with the 3'-Risomer being more potent than the parent whereas the 3'-S-isomer is inactive.
A number of possibilities need to be considered in an attempt to rationalize this data. The observed differences in bioactivity could be due to differing electronegativity of the C-3' substituent. This would account for differences between the alcohols and amines and the di-substituted ketone hydrate.
A second, more plausible explanation is the opportunity for hydrogen bonding, inherent in the hydroxyl and amino groups, either as hydrogen bond donors or acceptors. Such an explanation could account is an attractive choice for the parent la with its extremely electrophilic C-3' carbonyl group, this rationale seems less likely for the dihydro-compounds.
We have been actively pursuing the synthesis of C-3' modified analogs of spectinomycin to further evaluate the structure-activity relationships in this series. In this and the accompanying paper we describe the synthesis of a number of C-3' analogs via the intermediacy of novel spectinomycin derived diazoketones. In subsequent papers we will detail other, more efficient approaches to the most active of these analogs.
Results and Discussion
The sensitivity of spectinomycin to both acid and base has been an important consideration in developing methodology for modification of this antibiotic. In the present study, advantage has been taken of the formation of tosylhydrazone derivatives') of NN'-dibenzyloxycarbonylspectinomycin (2a) and NN'-di-tert-butoxycarbonylspectinomycin (2b). Thus treatment of either 2a or 2b with one equivalent of p-toluenesulfonylhydrazide results in the quantitative formation of the corresponding tosylhydrazones 3a and 3b. The success of this carbonyl derivatization reaction is somewhat surprising in light of the known facile rearrangement of 2, especially in the presence of base and nucleophiles',5) The formation and reduction of some related oxime derivatives serves as the basis for the synthesis of the 3'-aminospectinomycins le and If3). The exchange of the diazo group for the C-3' carbonyl group of spectinomycin offers the potential to explore new methods of chemical modification of the sugar ring. The usual highly electrophilic nature of the 3'-carbon atom in the keto compound is transformed into nucleophilic character in the diazoketone, thus permitting reaction with a variety of electrophilic reagents. The ready availability of these diazoketones and the choice of protecting groups makes these compounds valuable intermediates for analog snynthesis.
Treatment of 4a with zinc dust in aqueous acetic acid produces two major products in approximately equal amounts. One product was identified as N,N'-dibenzyloxycarbonylspectinomycin (2a) by comparison with an authentic sample. The other product was identified as N,N'-dibenzyloxycarbonyl-3'-deoxospectinomycin (5). The formation of ketone 2a is presumed to occur via reduction of the diazo group to the corresponding hydrazone7) followed by hydrolysis. The isolation of 2a confirms the fact that no unanticipated rearrangements of the sugar moiety had occurred during the preparation of the diazoketone. The deoxo compound 5 arises directly from the diazo compound and not from reduction of 2a since the latter was shown to be stable to the reaction conditions. N,N'-Dibenzyloxycarbonyl-3'-deoxospectinomycin was identified by 13C NMR; in particular by the presence in the off-resonance spectrum of a new triplet due to C-3'. Like the parent structure, 5 exists in the closed C-2' hemiketal form. Deprotection of 5 via catalytic hydrogenolysis affords 3'-deoxospectinomycin dihydrochloride (6).
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With the fully unsubstituted analog 6 in hand, we next turned our attention to the preparation of spectinomycin analogs with 3'-halogen substitution to explore the effect of non-hydrogen bonding electronegative substituents on bioactivity. The C-3'-chloro, bromo and dichlorospectinomycins provide an interesting test of the relative importance of electronegativity and hydrogen bonding of the substituents. In particular, the C-3'-gem-dichloro compound is a good mimic for the normal spectinomycin carbonyl hydrate in terms of steric bulk and electronegativity.
Numerous examples of the conversion of diazo compounds into mono and dihalo compounds, by reaction with hydrogen halides or halogens, appear in the literature8). These reactions are generally facile, high yielding processes and work well with diazoketones and esters. In the case at hand, however, the nature of the substrates 4a and 4b places special requirements on these reactions and on further transformation of the products. The most serious of these problems is the propensity of these spectinomycin derived diazoketones to undergo rearrangement under the influence of heat, electrophiles or metal ion catalysis (vide infra).
The first of these reactions to be explored was the preparation of the benzyloxycarbonyl (Cbz) protected monochloride 7. Reaction of 4a with hydrogen chloride in methylene chloride resulted in immediate loss of the yellow color with evolution of nitrogen gas. Chromatography of the reaction mixture gave the C-3'-chloride 7. Attempted removal of the protecting groups by catalytic hydrogenolysis was accompanied by reductive dehalogenation giving the methylene compound 6 rather than the desired chloride.
Clearly, a protecting group other than one removable by hydrogenation was needed.
Our successful experience with the tert- unstable and hydrolyzed to give the parent spectinomycin. As mentioned previously, one property of the spectinomycin derived diazoketones which has hampered their use in synthesis is their propensity towards rearrangement. Rearrangement has been caused by treatment with acid, metals, other electrophiles and heat. Our initial attempts at extending the successful results described in this paper were frustrated by this rearrangement problem. These experiments are described below. We have subsequently achieved good results in a number of other systems which we will describe in subsequent manuscripts.
The successful conversion of diazo compounds to fluorides by treatment with pyridinium polyhydrogen fluoride has been reported by OLAH9). Attempted preparation of a 3'-fluorospectinomycin analog by treatment of diazoketone 4b with pyridine.(HF)g complex or HF in methylene chloride was unsuccessful. The only product characterized was the rearranged lactone 13. Rearrangement of the protonated intermediate with intramolecular capture by the actinamine hydroxyl group was faster than capture by fluoride ion. 13 14 FEB. 1985 Rearrangement was also observed in the attempted preparation of 3'-alkoxy analogs. Neutral methanolic solutions of diazoketone 4b were found to be stable. Addition of non-nucleophilic acids, Cull", BF311), or rhodium catalysts 12) led to rearrangement giving methyl ester 14. Even the rhodium catalysts which are claimed to be useful in rearrangement-prone systems were unsuccessful in the present instance.
Clearly, the intermediate formed on reaction of the diazoketone with electrophilic species is very prone to rearrangement and will do so unless captured efficiently by a nucleophile. The successful preparation of the halo compounds described herein may rely on reaction of the diazo group with HX or X., to give an intimate ion pair which collapses to product faster than it rearranges.
Biological Assay
The results of in vitro bioassay for the new spectinomycin analogs are shown in Table 1 . The results clearly show diminished activity for all of the analogs tested relative to the parent, with the monohalo compounds 12a and 12b having the best activity of the four new compounds. Especially interesting is the poor activity of dichloride 12c, the ketone hydrate analog. The weak activity of this analog supports the hypothesis that the key function of the C-3' substituents in the parent is that of hydrogen bonding groups. The low activity of 12c also serves to establish the integrity of the geminal dichloro group as being stable and not suffering hydrolysis to generate the parent ketone.
In light of the ease of preparation of these compounds, we decided to proceed with testing in vivo.
It has been known for some time that spectinomycin has greater in vivo potency than would be predicted based on in vitro MIC values. The MIC's for the halo analogs 12a-c vs. Klebsiella pneuntoniae, while not equal to the parent, are low enough to predict observable in vivo activity. This prediction was not verified experimentally. All three halo analogs were inactive at 200 mg/kg, the highest level tested.
Trobicin (spectinomycin dihydrochloride pentahydrate) had a CD, of 10.9 mg/kg when tested in K.
pneutnoniae infected mice. The present data does not reveal the reason for this lack of activity, whether it is intrinsic poor activity, poor absorption or metabolic degradation to inactive compounds.
Conclusion
The synthesis of the spectinomycin derived diazoketones 4a and 4b has made possible the synthesis of new C-3'-modified spectinomycin analogs as a result of the new chemical reactivity pattern imparted by the diazo group. The marginal antibacterial activity found for the 3'-deoxo-and 3'-halospectino- 92.7, 79.3, 74.3, 69.1, 68.0 , 67.1, 64.0, 59.7, 59.6, 59.2, 30.8, 30.6, 29.9, 29.2, 28.9, 28.6, 27.9 and 21.0; CHCI3) .
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